Six strains of Salmonella enterica serovar Typhi which were resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, streptomycin, tetracycline, and gentamicin were isolated in Korea. This multidrug resistance was transferred by a conjugative plasmid of about 50 kb. The plasmid harbored a class 1 integron, which included six resistance genes, aacA4b, catB8, aadA1, dfrA1, aac(6)-IIa, and the novel blaP2, in that order. All of the isolates showed the same-size plasmids and the same ribotyping patterns, which suggests a clonal spread of these multidrug-resistant isolates.
The multidrug-resistant (MDR) Salmonella enterica serovar Typhi, which is resistant to the first-line antimicrobials, has become an important public health problem in Southeast Asia (12) . In 2001, MDR Salmonella serovar Typhi strain CT18's resistance-determining plasmid pHCM1 was completely sequenced (9) . The plasmid is 218,150 bp in size and belongs to incompatibility group H1. The clinically relevant resistance genes identified in pHCM1 were dfrA14 (trimethoprim), sul-2 (sulfonamide), catA1 (chloramphenicol), bla TEM-1 (ampicillin), and strAB (streptomycin).
The integrons found in clinical isolates of gram-negative bacteria generally contain one or more integrated cassettes, each including an antibiotic resistance gene, and a large number of gene cassettes containing different resistance genes have been identified (11) . Although there are three distinct classes of integrons, those belonging to class 1 often contain an antimicrobial resistance gene in clinical isolates (11) . For Salmonella serovar Typhi, the dfrA14 gene in pHCM1 was an integron gene cassette (9, 10) .
In this report, we describe the MDR Salmonella serovar Typhi in which the multidrug resistance is mediated by a complex class 1 integron, including six resistance gene cassette.
Salmonella serovar Typhi isolates 552, 607, 703, 768, 2301, and 2306 were isolated from the blood of six patients with typhoid fever in 1999. Among the six isolates, five were isolated in April 1999 and one was isolated in July 1999. The residences of the patients from whom the strains were isolated were in different provinces: three in Kyongki, one in Kyeongnam, one in Kangwon, and one in Chungnam. The strains were tested for susceptibility to antimicrobials by a controlled disk diffusion technique according to the guidelines provided by the National Committee for Clinical Laboratory Standards (7) . Six isolates were resistant to ampicillin, chloramphenicol, trimethoprimsulfamethoxazole, tetracycline, streptomycin, gentamicin, and tobramycin, but all isolates were sensitive to amikacin and ciprofloxacin. Five of the six isolates were sensitive to nalidixic acid; isolate 552 was the exception.
To test the transmissibility of the multidrug resistance of the isolates, a conjugation experiment was performed using Escherichia coli J53 Azi r as a recipient and a selective medium containing 100 g each of sodium azide and ampicillin/ml (8) .
With the transfer of ampicillin resistance, resistances against trimethoprim-sulfamethoxazole, chloramphenicol, tetracycline, streptomycin, gentamicin, and tobramycin were cotransferred in all six isolates, but nalidixic acid resistance was not achieved with the conjugation. Upon electrophoresis of plasmid DNAs, the transconjugants were found to acquire multidrug resistance via a plasmid with a size of about 50 kb ( Fig. 1) .
To amplify the genes contained in the class 1 integron, the following oligonucleotide primers were synthesized and used for PCR: hep 58, 5Ј-TCA TGG CTT GTT ATG ACT GT-3Ј (5Ј upstream conserved sequences [5Ј-CS] of int-11), and hep 59, 5Ј-GTA GGG CTT ATT ATG CAC GC-3Ј (3Ј upstream CS [3Ј-CS] of qacE⌬1). The PCR amplification was carried out with the six isolates and their transconjugants as described elsewhere (17) . Consequently, 4,686-bp PCR products were amplified from all isolates and their transconjugants. By using the PCR-Script ϩ Cam cloning kit (Stratagene, La Jolla, Calif.), the purified PCR product from strain 2301 was cloned into vector plasmid pBC SK, which encoded chloramphenicol resistance (pCST2301). This plasmid was then introduced into E. coli Epicurian Coli XL10-Gold ultracompetent cells (Stratagene) by chemical transformation (5) . After selection with 30 g of chloramphenicol/ml, the colonies were screened for insert size. With primers T3 and T7, which matched the nucleotides at the flanking regions of the multiple-cloning site in the vector, cycle sequencing (Perkin-Elmer Cetus, Norwalk, Conn.) of the DNA was initiated and continued by primer walking. The coding sequences [of aacA4b, dfrA1, aac(6Ј)-IIa, and blaP2] were confirmed by direct sequencing of PCR fragments amplified with the wild strain as a template by using the following primers: F211, 5Ј-ATG ACC TTG CGA TGC TCT-3Ј; B731, 5Ј-TCG ATG GAA GGG TTA GGC-3Ј; F2356, 5Ј-CTG AGG AAG AAT TGT GAA AC-3Ј; B2844, 5Ј-TGT TAA CCC TTT TGC CAG AT-3Ј; F2936, 5Ј-CAG AGC GAC CAT TTC ATG T-3Ј; B3563, 5Ј-AAT ATG GCT AAC ACC TGA AT-3Ј; F3602, 5Ј-CAA AAT TAT GGG GTT ACT TA C-3Ј; and B4561, 5Ј-TTG TTA GCC TTA TCA GCG CG-3Ј. The nucleotide sequence is available at GenBank (accession number AY123251).
The 4,686-bp sequences contained cassettes with the following six resistance genes: aacA4b (4), catB8 (GenBank accession number AF227506), aadA1 (14) , dfrA1 (2), aac(6Ј)-IIa (13) , and the novel blaP2 (3), in that order. All six resistance genes had complete coding sequences and 59-base elements at the downstream end of each gene (Fig. 2) . The ␤-lactamase encoded by blaP2 was a novel enzyme, and the deduced amino acid sequence was different in one amino acid from that of the N29 ␤-lactamase (pCS229-encoded carbenicillinase) identified in Proteus mirabilis, Val3Ile at amino acid 90 (3). Crude ␤-lactamase preparations from clinical isolates or their transconjugants were obtained as described previously (8) , and isoelectric focusing was performed by the method of Matthew et al. (6) . The pI value of the novel ␤-lactamase was 6.9, which was identical to that of N29 ␤-lactamase (3). In order to exclude the presence of TEM-related ␤-lactamase outside of the integron in the plasmid, a TEM-specific PCR was performed as described previously (8) , and a negative result was obtained.
Because the primers used in our study were at the 5Ј and 3Ј CS of the class 1 integron between int-11 and qacE⌬1, our clone did not contain the int-11 and qacE⌬1 or sul-1 genes but did contain the amplified resistance genes between the 5Ј CS and the 3Ј CS. The result is striking in that this novel integron possessed six resistance gene cassettes. It is known that, when more than one cassette is present, the position of the cassette in the array influences the level of antibiotic resistance expressed by the cassette gene and that the resistance level is highest when the gene is in the first cassette and is reduced by the presence of individual upstream cassettes (1) . Although the level of gene expression for this long operon was not studied, the resistance patterns of the isolates and their transconjugants and the results of the isoelectric focusing study showing the pI value of blaP2 (from the most distal gene cassette) suggested the expression of all of the resistance genes.
The wild strains and their transconjugants were resistant to tetracycline, but the tetracycline resistance gene was not included in our clone. To observe the structure of the resistance region of the plasmid, further analysis of the rest of the plasmid is needed.
In order to observe the clonal relationship of the six isolates, molecular typing was performed by using a ribotyping method, as described previously (8, 15) . Six MDR isolates had eight bands on ribotyping and showed the same patterns. The same ribotyping and plasmid patterns of the six isolates suggested a clonal spread, although the residences of the patients from whom these strains were isolated were in different provinces throughout the Korean Peninsula. We speculate that at least five of six patients who developed the disease in April had eaten contaminated food that was distributed by the same company or that was served at the same restaurant, because the Republic of Korea is a small country, within a 24-h driving distance.
It is of great interest that this highly efficient assembly of gene cassettes was found in Salmonella serovar Typhi, a pathogen of community-acquired infection. Because human carriers are the source of Salmonella serovar Typhi infection, we suspect that the resistance plasmid might have been transferred from other bacteria to Salmonella serovar Typhi in the human carriers. The prevalence of Salmonella serovar Typhi and other Salmonella strains harboring this resistance plasmid in Korea has not yet been studied. However, we were unable to obtain an amplified PCR product with the same primers from several MDR Salmonella serovar Typhi strains which had different antibiograms and which had been isolated in different years.
Considering the spread of MDR Salmonella serovar Typhi in Southeast Asia and of Salmonella serovar Typhimurium DT104 in the United States and Europe (12, 16) , this MDR isolate might be a serious threat to public health. Thus, further study of the prevalence of this MDR Salmonella isolate should be carried out and the occurrence of MDR isolates with similar antibiograms should be carefully monitored. 
